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(57) ABSTRACT

A method of controlling the shifting of gears in a TMED-type
hybrid vehicle may include a stage in which, in a case where
it is required that a power-on upshift operation is performed
simultaneously when engagement of an engine clutch is car-
ried out in order to convert the driving mode from an electric
vehicle (EV) driving mode to hybrid-electric vehicle (HEV)
driving mode, simultaneously performs the engagement of
the engine clutch and the shift operation, thereby improving
acceleration and shifting performances and providing a quick
driving response for a driver.

8 Claims, 3 Drawing Sheets
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1
METHOD OF CONTROLLING SHIFTING OF
GEARS IN HYBRID VEHICLE

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority of Korean Patent
Application Number 10-2013-0141462 filed on Nov. 20,
2013, the entire contents of which application are incorpo-
rated herein for all purposes by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates, in general, to a method of
controlling the shifting of gears in a hybrid vehicle that is of
atype of transmission mounted electric device (TMED) using
an automatic transmission or a double clutch transmission
(DCT), such that a power-on upshift operation can be carried
out simultaneously when the driving mode of the hybrid
vehicle is converted from an electric vehicle (EV) mode to a
hybrid-electric vehicle (HEV) mode.

2. Description of Related Art

Generally, transmission mounted electric device (TMED)-
type hybrid vehicles have an engine clutch for power-connec-
tion between an engine and a motor, and, when converted
from electric vehicle (EV) driving mode to hybrid-electric
vehicle (HEV) driving mode, should start the engine and
engage the engine clutch such that power from the engine is
transmitted to the transmission.

In such a TMED-type hybrid vehicle having the engine
clutch, when a driver depresses an acceleration pedal so as to
perform an upshift operation (i.e. power-on upshifting opera-
tion) while the driving mode of the hybrid vehicle is con-
verted from the EV driving mode to the HEV driving mode,
according to the related art, the EV-HEV conversion and the
power-on upshifting operation are sequentially carried out in
the order named or reversely due to complexity of control.

FIG. 1 is a graph showing a relationship of rpms of the
engine and the motor over time when the engine clutch is first
engaged and then the shift operation is performed, in the case
where engagement of the engine clutch and the shift operation
are required at the same time. In the graph, when upshifting to
a high gear as a target gear is set after the engine starts in
response to an engine-on signal is generated, a shift-preven-
tion BIT to prevent shift operation is activated until the engine
clutch is engaged and locked up, since the engine clutch is not
yet engaged, and then when the shift-prevention bit is deac-
tivated, the actual shift-performing bit to perform an actual
shift operation is activated to complete the shift operation.

Although the above-mentioned control method can avoid
complexity of control with separate implementation of
engagement of the engine clutch from the shift operation, the
shift operation is carried out after the engagement of the
engine clutch and thus is delayed, so that an increase in torque
of driving wheels is also delayed, reducing the acceleration
performance of a vehicle. In addition, such a time lag to start
the shift operation may cause poor performance in terms of
noise, vibration, and harshness (NVH) of a vehicle.

In the meantime, FIG. 2 is a graph showing a relationship
of rpms of the engine and the motor over time when shift
operation is first carried out and then engagement of the
engine clutch is performed, in the case where the engagement
of'the engine clutch and the shift operation are required at the
same time. In the graph, when the engine starts in response to
an engine-on signal generated after upshift to high gear as a
target gear is set, the shift operation is first performed such
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that actual shift-performing bit is first activated while deacti-
vating shift-prevention bit, and then when the actual shift-
performing bit is deactivated by the completion of the shift
operation, the engine clutch is engaged locked up.

Although the above-mentioned control method first per-
forms the shift operation so that an increase in torque of
driving wheels of a vehicle can be performed quickly, a maxi-
mum torque for rpms of the motor is limited, so a desired
torque can be provided to the driving wheels, provided that
the engine clutch is engaged. Thus, a difference in torque of
driving wheels occurs due to the process of the shift operation
and the engagement of the engine clutch, degrading linear
acceleration performance. In addition, like in the former case
of shifting after the engagement of the engine clutch, a time
lag to accelerate a vehicle occurs, and the engine is unneces-
sarily operated during the shift operation, degrading fuel effi-
ciency.

The information disclosed in this Background of the Inven-
tion section is only for enhancement of understanding of the
general background of the invention and should not be taken
as an acknowledgement or any form of suggestion that this
information forms the prior art already known to a person
skilled in the art.

BRIEF SUMMARY

Various aspects of the present invention are directed to
providing a method of controlling the shifting of gears in a
TMED-type hybrid vehicle, which, in a case where it is
required that a power-on upshift operation is performed
simultaneously when engagement of an engine clutch is car-
ried out in order to convert driving mode from electric vehicle
(EV) driving mode to hybrid-electric vehicle (HEV) driving
mode, simultaneously performs the engagement of the engine
clutch and the shift operation, thereby improving acceleration
and shifting performances and providing a quick response of
driving of a vehicle by manipulation of a driver.

In an aspect of the present invention, a method of control-
ling shifting of gears in a hybrid vehicle, may include an entry
condition judgment stage of determining both whether a
power-on upshift demand may have been generated while the
vehicleis being used in an electric vehicle (EV) driving mode,
being in a state where an actual shifting of the vehicle is able
to be initiated, and whether an engine-on demand may have
been generated, atime judgment stage of, when an engine and
a motor may have a synchronized rpm, determining whether
a current point is prior to a predetermined reference point
within a shift-preparation period, a release compensation
stage of when the current point may have been determined in
the time judgment stage to be prior to the reference point,
applying hydraulic pressure for engagement of an engine
clutch and at a same time, compensating release-hydraulic
pressure of a gearshift element, taking account of the applied
hydraulic pressure of the engine clutch, an actual shifting
judgment stage of, when the current point may have been
determined in the time judgment stage to follow the reference
point, determining whether the actual shifting may have been
initiated, and an apply compensation stage of, when the actual
shifting may have been determined in the actual shifting
judgment stage to be initiated, applying hydraulic pressure
for engagement of the engine clutch, and compensating
applied-hydraulic pressure of the gearshift element, taking
account ofthe applied hydraulic pressure of the engine clutch.

In the release compensation stage, the release-hydraulic
pressure is compensated with a compensating value obtained
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from a data map predefined according to the hydraulic pres-
sure of the engine clutch, an rpm of the motor, and an rpm
gradient of the motor.

In the apply compensation stage, the applied-hydraulic
pressure is compensated with a compensating value obtained
from a data map predefined according to the hydraulic pres-
sure of the engine clutch, an rpm of the motor, and an rpm
gradient of the motor.

During the shift-preparation period, a target rpm of the
engine adopts an rpm determined as in current gear, during
the actual shift period, the target rpm adopts an rpm variable
according to a predetermined gradient for input torque and
output speed of a transmission, and after the actual shift
period, the target rpm adopts an rpm determined as in a target
gear.

The reference point in the time judgment stage is set within
atime range that passed from approximately 50% to approxi-
mately 90% of a total of the shift-preparation period that is a
torque phase in which only a torque of gearshift elements
varies.

In another aspect of the present invention, a method of
controlling shifting of gears in a hybrid vehicle may include a
stage of, in a case where conversion of an electric vehicle
(EV) driving mode to a hybrid-electric vehicle (HEV) driving
mode and a power-on upshift operation are demanded at a
same time, when a synchronized point at which an engine and
a motor may have a synchronized rpm is prior to a reference
point within a shift-preparation period being a torque phase,
simultaneously performing a shift operation while engaging
and locking up an engine clutch and compensating release-
hydraulic pressure of a release-side gearshift element, and
when the synchronized point follows the reference point,
after an actual shift period being an inertia phase starts, simul-
taneously performing the shift operation while engaging and
locking up the engine clutch and compensating applied-hy-
draulic pressure of an engaging-side gearshift element.

The release-hydraulic pressure and the applied-hydraulic
pressure are compensated with compensating values respec-
tively obtained from data maps predefined according to the
hydraulic pressure of the engine clutch, an rpm of the motor,
and an rpm gradient of the motor.

The reference point is set within a time range that passed
from approximately 50% to approximately 90% of a total of
the shift-preparation period that is a torque phase in which
only a torque of gearshift elements varies.

According to the present invention, in a case where it is
required that a power-on upshift operation is performed
simultaneously when engagement of an engine clutch is car-
ried out in order to convert the driving mode from electric
vehicle (EV) driving mode to hybrid-electric vehicle (HEV)
driving mode, the engagement of the engine clutch and the
shift operation are simultaneously performed, thereby
improving acceleration and shifting performances and pro-
viding a quick response of driving of a vehicle to a driver.

The methods and apparatuses of the present invention have
other features and advantages which will be apparent from or
are set forth in more detail in the accompanying drawings,
which are incorporated herein, and the following Detailed
Description, which together serve to explain certain prin-
ciples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing a status in which, in the case
where engagement of an engine clutch and a shift operation
are required at the same time, the engagement of the engine
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clutch is first carried out and then the shift operation is per-
formed according to the related art.

FIG. 2 is a graph showing a status in which, in the case
where engagement of an engine clutch and a shift operation
are required at the same time, the shift operation is first
performed and then the engagement of the engine clutch is
carried out according to the related art.

FIG. 3 is a flow chart showing a method of controlling the
shifting of gears in a hybrid vehicle according to an exem-
plary embodiment of the present invention.

FIG. 4 is a graph showing the procedure of the shift-control
method.

It should be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified repre-
sentation of various features illustrative of the basic prin-
ciples of the invention. The specific design features of the
present invention as disclosed herein, including, for example,
specific dimensions, orientations, locations, and shapes will
be determined in part by the particular intended application
and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the sev-
eral figures of the drawing.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments of the present invention(s), examples of which are
illustrated in the accompanying drawings and described
below. While the invention(s) will be described in conjunc-
tion with exemplary embodiments, it will be understood that
the present description is not intended to limit the invention(s)
to those exemplary embodiments. On the contrary, the inven-
tion(s) is/are intended to cover not only the exemplary
embodiments, but also various alternatives, modifications,
equivalents and other embodiments, which may be included
within the spirit and scope of the invention as defined by the
appended claims.

Hereinbelow, preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

Referring to FIGS. 3 and 4, in an exemplary embodiment,
a method of controlling the shifting of gears in a hybrid
vehicle includes: an entry condition judgment stage S10 of
determining both whether a power-on upshift demand has
been generated while the vehicle is being used in an electric
vehicle (EV) driving mode, being in a state where an actual
shifting of the vehicle is able to be initiated, and whether an
engine-on demand has been generated, a time judgment stage
S20 of, when an engine and a motor have a synchronized rpm,
determining whether a current point is prior to a predeter-
mined reference point within a shift-preparation period, a
release compensation stage S30 of, when the current point has
been determined in the time judgment stage S20 to be prior to
the reference point, applying hydraulic pressure for engage-
ment of an engine clutch (EC) and at the same time, compen-
sating release-hydraulic pressure of a gearshift element, tak-
ing account of the applied hydraulic pressure of the engine
clutch, an actual shifting judgment stage S40 of, when the
current point has been determined in the time judgment stage
S20 to follow the reference point, determining whether the
actual shifting has been initiated, and an apply compensation
stage S50 of, when the actual shifting has been determined in
the actual shifting judgment stage S40 to be initiated, apply-
ing hydraulic pressure for engagement of the engine clutch,
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and compensating applied-hydraulic pressure of the gearshift
element, taking account of the applied hydraulic pressure of
the engine clutch.

That is to say, according to the method of the present
invention, in a case where conversion of an electric vehicle
(EV) driving mode to a hybrid-electric vehicle (HEV) driving
mode and the power-on upshift operation are demanded at the
same time, when a synchronized point at which the engine
and the motor have a synchronized rpm is prior to the refer-
ence point within the shift-preparation period being a torque
phase, the shift operation is simultaneously performed while
engaging and locking up of the engine clutch is carried out
and release-hydraulic pressure of a release-side gearshift ele-
ment is compensated, and when the synchronized point fol-
lows the reference point, after the actual shift period being an
inertia phase starts, the shift operation is simultaneously per-
formed while engaging and locking up of the engine clutch is
carried out and applied-hydraulic pressure of an engaging-
side gearshift element is compensated.

In the entry condition judgment stage S10, since an engine-
on demand is required to convert the driving mode of the
hybrid vehicle from the EV driving mode to the HEV driving
mode, it is expected that the generation of the engine-on
demand is a measure to engage the engine clutch, which
power-connects the engine, the motor, and a transmission, to
convert the driving mode to the HEV driving mode. Thus,
according to the determination of the generation of both the
engine-on demand and the power-on upshift demand, which
is demanded to upshift as a driver depresses an acceleration
pedal, it is then determined that it is possible to carry out an
actual shift operation. That is, when the actual shift operation
is able to be initiated, it is determined that the situation sat-
isfles requirements of simultaneously carrying out the
engagement of the engine clutch and the power-on upshift
operation according to the subsequent control as follows.

That is, in the entry condition judgment stage S10, it is
determined whether the power-on upshift demand has been
generated, whether the situation reaches the status that the
actual shifting can be carried out, and whether the engine-on
demand has been generated, and when all of the determina-
tion results are positive, the method proceeds to the subse-
quent stage.

Here, in the case where the engagement of the engine
clutch for conversion from the EV mode to the HEV mode,
and the power-on upshift operation are simultaneously
needed, the present invention can perform the above require-
ments without activating the shift-prevention bit as in the
related art.

When the requirements in the entry condition judgment
stage S10 are all satisfied, the method proceeds to the time
judgment stage S20 which is carried out based on the fact that
the engine and the motor have been synchronized in their
rpms. The synchronized point becomes a reference point at
which the release compensation stage S30 or the apply com-
pensation stage S50 will be carried out.

That is, when the synchronized point is prior to the refer-
ence point, the release compensation stage S30 is carried out,
and when the synchronized point follows the reference point,
the apply compensation stage S50 is carried out.

The reference point in the time judgment stage S20 is
preferably set within a time range that passed from 50% to
90% ofthe total shift-preparation period that is a torque phase
in which only the torque of gearshift elements varies.

That is, as shown in FIG. 4, the shift operation in an
exemplary embodiment of the present invention is carried out
through three consecutive periods, including a shift-prepara-
tion period, an actual shift period, and a shift-finishing period.
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Here, the shift-preparation period refers to a torque phase in
which only a reactive torque in gearshift elements which are
just disengaged from an engaged state, and newly engaged
gearshift elements, in an automatic transmission or a double
clutch transmission (DCT), vary, and the actual shift period
refers to an inertia phase in which an actual rpm ratio varies.
In addition, the reference point is set to a time range that
passed from 50% to 90% of the torque phase after started.

Although the shift operation and the engagement of the
engine clutch after the engine and the motor are synchronized
in their rpms will be carried out simultaneously, respective
initiating times may not be completely identical and respec-
tive duration times may be different, so that, the present
invention performs a different control stage depending upon
the fact which period of the shift operation the synchronized
point, at which the engine and the motor are synchronized in
their rpms, belongs to.

According to an exemplary embodiment of the present
invention, when the synchronized point of the engine and the
motor is prior to the reference point within the shift-prepara-
tion period, hydraulic pressure is applied to engage and lock
up the engine clutch, and the release compensation stage S30
is carried out to compensate release-hydraulic pressure of a
release-side gearshift element, which is required to deal well
with a change according to the engagement of the engine
clutch, with a first compensating value which is obtained
from a first data map which is predefined in response to the
hydraulic pressure of the engine clutch, the rpm of the motor,
and an rpm gradient of the motor.

That is, under the control on the release hydraulic pressure
with the compensating value obtained from the data map in
which the change responding to the engagement of the engine
clutch is reflected by pre-performed experiments and analy-
ses, while applying hydraulic pressure to engage the engine
clutch, a stable shift control operation is carried out, and even
when an existing learning function of a controller is still
adopted, a problem due to disturbance does not occur.

On another hand, when the synchronized point of rpms
between the engine and the motor follows the reference point,
the actual shifting judgment stage S40 is carried out to check
whether an actual shift operation has been initiated, and then
the apply compensation stage S50 is carried out within the
actual shift period.

In the apply compensation stage S50, the applied-hydrau-
lic pressure of an applied-side gearshift element is compen-
sated with a second compensating value obtained from a
second data map predefined according to the hydraulic pres-
sure of the engine clutch, an rpm of the motor, and an rpm
gradient of the motor. Likely in the release gearshift elements,
the applied-hydraulic pressure is compensated using the data
map predefined according to the hydraulic pressure of the
engine clutch, the rpm of the motor, and the rpm gradient of
the motor, this stage enables a stable shift control and avoids
the occurrence of the problem caused from disturbance even
when the existing learning function of the controller is still
being adopted.

According to an exemplary embodiment of the present
invention, the reason why the control operation is performed
such that, when the synchronized point of the motor and the
engine is prior to the shift-preparation period, the release
hydraulic pressure is compensated, and at the subsequent
actual-shift period, the applied-hydraulic pressure compen-
sation is performed, is because a major factor to affect the
shift operation in the shift-preparation period is the release-
hydraulic pressure, and a major factor to affect the shift opera-
tion in the actual shift period is the applied-hydraulic pres-
sure.
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For reference, in FIG. 4, for the compensating control on
the release-hydraulic pressure, section A is indicated as ‘A",
since the synchronized point of the engine and the motor is
prior to the reference point within the shift-preparation
period, and for the compensating control on the applied-
hydraulic pressure in the actual shift period, section B is
indicated as ‘B", since the synchronized point follows the
reference point.

In the meantime, in the process of performing the simulta-
neous control on the shift operation and the engagement of the
engine clutch, it is more practical that the establishment of a
target rpm of an engine that becomes a reference for the
former control operation is performed such that during the
shift-preparation period, the target rpm adopts an rpm calcu-
lated as in current gear, during the actual shift period, the
target rpm adopts an rpm variable according to a predeter-
mined gradient for input torque and output speed of a trans-
mission, and after the actual shift period, the target rpm
adopts an rpm calculated as in a target gear.

For reference, although the exemplary embodiments have
been described with reference to gearshift elements actuated
with hydraulic pressure of an automatic transmission as a
transmission mechanism adapts, so release-hydraulic pres-
sure and applied-hydraulic pressure have been used, in a case
of DCT or the like using a dry-type clutch, a transmission
torque of a release-side clutch and a transmission torque of an
engaging-side clutch may be used as well.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for pur-
poses of illustration and description. They are not intended to
be exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teachings. The exemplary
embodiments were chosen and described in order to explain
certain principles of the invention and their practical applica-
tion, to thereby enable others skilled in the art to make and
utilize various exemplary embodiments of the present inven-
tion, as well as various alternatives and modifications thereof.
Itis intended that the scope of the invention be defined by the
Claims appended hereto and their equivalents.

What is claimed is:
1. A method of controlling shifting of gears in a hybrid
vehicle having a controller, the method comprising:

an entry condition judgment stage of determining both
whether a power-on upshift demand has been generated
while the vehicle is being used in an electric vehicle
(EV) driving mode, being in a state where an actual
shifting of the vehicle is able to be initiated, and whether
an engine-on demand has been generated;

atime judgment stage of, when an engine and a motor have
a synchronized rpm, determining whether a current
point is prior to a predetermined reference point within a
shift-preparation period;

arelease compensation stage of, when the current point has
been determined in the time judgment stage to be prior to
the reference point, applying hydraulic pressure for
engagement of an engine clutch and at a same time,
compensating release-hydraulic pressure of a gearshift
element, with a first compensating value obtained from
a first data map predefined according to at least the
applied hydraulic pressure of the engine clutch;

an actual shifting judgment stage of, when the current point
has been determined in the time judgment stage to fol-
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low the reference point, determining whether the actual
shifting has been initiated; and

an apply compensation stage of, when the actual shifting
has been determined in the actual shifting judgment
stage to be initiated, applying hydraulic pressure for
engagement of the engine clutch, and compensating
applied-hydraulic pressure of the gearshift element,
with a second compensating value obtained from a sec-
ond data map predefined according to at least the applied
hydraulic pressure of the engine clutch.

2. The method of claim 1, wherein in the release compen-
sation stage, the release-hydraulic pressure is compensated
with the first compensating value obtained from the first data
map predefined according to the hydraulic pressure of the
engine clutch, an rpm of the motor, and an rpm gradient of the
motor.

3. The method of claim 1, wherein in the apply compensa-
tion stage, the applied-hydraulic pressure is compensated
with the second compensating value obtained from the sec-
ond data map predefined according to the hydraulic pressure
of'the engine clutch, an rpm of the motor, and an rpm gradient
of the motor.

4. The method of claim 1, wherein during the shift-prepa-
ration period, a target rpm of the engine adopts an rpm deter-
mined as in current gear, during the actual shift period, the
target rpm adopts an rpm variable according to a predeter-
mined gradient for input torque and output speed of a trans-
mission, and after the actual shift period, the target rpm
adopts an rpm determined as in a target gear.

5. The method of claim 1, wherein the reference point in the
time judgment stage is set within a time range that passed
from approximately 50% to approximately 90% of a total of
the shift-preparation period that is a torque phase in which
only a torque of gearshift elements varies.

6. A method of controlling shifting of gears in a hybrid
vehicle having a controller, the method comprising:

a stage of, in a case where conversion of an electric vehicle
(EV) driving mode to a hybrid-electric vehicle (HEV)
driving mode and a power-on upshift operation are
demanded at a same time, when a synchronized point at
which an engine and a motor have a synchronized rpm is
prior to a reference point within a shift-preparation
period being a torque phase, simultaneously performing
a shift operation while engaging and locking up an
engine clutch and compensating release-hydraulic pres-
sure of a release-side gearshift element, and when the
synchronized point follows the reference point, after an
actual shift period being an inertia phase starts, simulta-
neously performing the shift operation while engaging
and locking up the engine clutch and compensating
applied-hydraulic pressure of an engaging-side gear-
shift element.

7. The method of claim 6, wherein the release-hydraulic
pressure and the applied-hydraulic pressure are compensated
with compensating values respectively obtained from data
maps predefined according to the hydraulic pressure of the
engine clutch, an rpm of the motor, and an rpm gradient of the
motor.

8. The method of claim 6, wherein the reference point is set
within a time range that passed from approximately 50% to
approximately 90% of a total of the shift-preparation period
that is a torque phase in which only a torque of gearshift
elements varies.



